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Coarse graining usually results in significantly faster simulations at the cost of
reducing accuracy relative to atomistic representations. One must choose what
to coarse grain carefully. Atomistic simulations of proteins, particularly to
study conformational changes of proteins, are of great interest but hard to prop-
agate long enough to obtain sufficient sampling. Protein and drug-molecule in-
teractions and conformational behavior are quite intricate, significantly limiting
applications from simplified models such as coarse grain approaches. However,
water and membrane lipids are readily amenable to coarse graining suggesting
that an approach in which the protein and ligand retain atomistic representa-
tions while their environment is simplified. As an experiment, we have devel-
oped such a mixed resolution model and have applied it to a GPCR, globular
proteins and antimicrobial peptides. We present those results to highlight
what is working well and what challenges remain for this approach.
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Analysis tools optimized to study molecular dynamics (MD) simulations of
intrinsically disordered proteins (IDPs) are currently rare. We are developing
a set of tools using the libraries and interface of the widely used MD simulation
software Gromacs 4 [Hess, et al. 2008]. We are presenting the results of one of
these tools which shows utility in differentiating between ordered and disor-
dered regions of proteins based onMD simulation trajectories. This tool assigns
a value along a spectrum of order to disorder to a protein based on a scaled
average of all inter-structure distances and is based on a previously proposed
and intuitive algorithm [Stultz, et al. 2011]. The primary improvements
made to this algorithm include additional options of inter-structure distance
metrics, a feature to assign values of disorder to individual amino acids, and
an output format similar to currently available disorder prediction tools which
use amino acid sequence information. When applied to systems of highly disor-
dered protein, this tool is sometimes able to differentiate the regions of second-
ary structure formed during MD simulations. We are currently studying
applications to partially disordered proteins to simplify the identification of
local ordered and disordered regions from MD simulation trajectories. This
method also provides multiple options of inter-structure distance metrics to
optimize the analysis of both mostly ordered and highly flexible proteins.
We are validating this usage of the tool with (1) a coarse grain model of several
FG-nucleoporin sequences believed to be IDPs with varying levels of disorder
spread across different regions and (2) all atom simulations of partially disor-
dered proteins including a fragment of the tumor suppressor protein p53.
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The focal adhesion kinase (FAK) is a key regulator of cell shape, adhesion and
migration. While the structure of the active and the inhibited kinase domain is
known, little is known about the dynamic processes regulating the catalytic
cycle. Here, we investigate the dynamics of the active and inactive conforma-
tion of the kinase domain of FAK upon removal of ligands.
Using molecular dynamics simulations, we show that the nucleotide-binding
pocket in the catalytically active conformation is structurally unstable and fluctu-
ates between an open and closed configuration upon removal of the ATP-analog.
Several hydrogenbondscan formbetween theupper and lower lobes of the pocket.
In contrast, the pocket remains open in the catalytically inactive form without
ligand. The average distance between the pocket forming residues is lower and
more hydrogen bonds are formed in the active compared to the inactive kinase.The simulations suggest a multi-step process in which the kinase is more likely
to bind ATP in the inactive than in the active form. The transient closures of the
ATP pocket might allow FAK to slow down its catalytic cycle, and to adapt its
kinetics to the crowded environments of focal adhesions.
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Computational molecular dynamics simulations were used to estimate the
unfolding effects of a single electron positioned appropriately in a globular pro-
tein of interest, b-lactoglobulin (BLG). Two sets of unfolding simulations were
conducted: movement of the EF-loop in BLG, which is involved in the Tanford
transition and a photo-induced electron transfer event between a non-covalently
bound, dye molecule, meso-tetrakis p-sulfanatophenyl porphyrin, (TSPP)
and BLG.
The first simulations solvated BLG at several hydration levels for two different
crystal structures: 3BLG at pH 7 (closed loop) and 2BLG at pH 9 (open loop),
which became the reference initial and final structures to determine the accuracy
of our simulations. Movement of the EF-loop was induced by placing an excess
charge on the carboxyl group of glutamic acid residue GLU 89. After 10 ns,
favorable structures were submitted to a residue based, coarse-graining algo-
rithm to enable simulating 0.1 ms of the loop motion. The goal was three-fold:
to allow the crystallized form to relax in an aqueous environment, to determine
the minimal number of explicit water molecules that are sufficient to retain the
thermodynamics of the system, and to verify the charge placement algorithm.
For the second phase, the location of the electron transfer event was determined
by the most probable binding site of the ligand that correlated with resonance
Raman spectra and docking calculations of the TSPP-BLG complex. Residues
within 3 A˚ were examined for alignment with the ligand and electron affinity.
Candidate sites became the origin of an excess electron on the protein, and a
separate computation was conducted with coarse-graining methods applied to
favorable trajectories as described above. The unfolding determined by these
simulations was compared to previously collected circular dichroism data of
TSPP-BLG complexes.
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The Nitrogenase enzyme system catalyzes the reduction of dinitrogen (N2) to,
the more biologically utilizable, ammonia at the site of an unusual [Fe7S9MoC]
cofactor named "FeMo-co". The mechanism of enzymatic nitrogen fixation re-
mains a mystery due to the transient nature of the reaction intermediates, and
many investigators have sought to look at the reversible inhibitor carbon mon-
oxide (CO) as an analogue to the dynamics and kinetics of the natural substrate.
Previous work has proposed that a m2-CO can bind to the Fe-2 and Fe-6 of a
4Fe-4S (Fe-[2,3,6,7]) face of FeMo-co, and dependent on binding conditions,
as a terminal ligand. We investigated the ligand-active site dynamics around
FeMo-co for CO using the molecular dynamics package GROMACS, for
both wild type and key residue mutants. The purpose of investigation was to
determine: if the Fe-2 or Fe-6 served as a more sterically accessible binding
site for terminal CO, the location of any active site pockets to trap CO near
FeMo-co, and to probe the dynamics of the proximal gas channel entrance to
the active site. The results of this research can be used to improve the existing
model for reversible CO inhibition dynamics of Nitrogenase. Furthermore,
these data will lead to new kinetics experiments involving CO and in vitro
active site mutagenesis. Finally, our conclusions can be abstracted to provide
clues about the short-lived active site behavior of the substrate N2.
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Oxidation of key methionine residues on fibrin leads to reduced lateral aggre-
gation in fibrin gels and prolonged fibrinolysis by tissue plasminogen activator.
These observations may reveal the mechanism by which the detrimental
